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ABSTRACT 


An  experimental  determination  has  been  made  of  the  rate  of 
electron  detachment  from  F"  in  shock-heated  mixtures  of  cesium  fluoride 
and  argon.  The  detachment  rate  is  found  to  increase  exponentially  with 


temperature,  indicating  an  activation  energy  comparable  to  the  electron 

1(A  r) 

affinity  of  F".  The  rate  constants  for  the  reactions  F  +  Ar  -*  x''  +  Ar  +  e 

.  ,k(Cs+)  -11-40  000 /T 

and  F  +  Cs+  — ►  F  +  Cs+  +  e  have  been  found  to  be  1.  2  X  10  e  ’ 


cm^/sec  and  5.  6  X  10”^  e  cm^/sec  respectively,  where  T  is  in 


degrees  Kelvin. 


*  «  • 

-in- 


We  have  studied  the  collisional  detachment  rate  of 

electrons  from  F”  in  a  shock  tube  environment  following  the 

nonequilibrium  overshoot  of  ions  in  the  dissociation  of  CsF  in 

argon.  F”  collisional  detachment  cross  sections  have  been 

measured  at  energies  above  ~  100  eV.  *  The  cross  sections 

measured  were  found  to  remain  very  high  down  to  less  than 

2 

100  eV  in  violation  of  the  adiabatic  criterion.  We  have  now 
extended  the  range  of  these  cross-section  measurements  to 
much  lower  energies. 

3  4 

The  extensive  work  of  Berry,  et  al.  ,  '  has  shov/n 
that  the  small  difference  between  ioni  zation  potential  of  the 
alkali  atom  and  the  electron  affinity  of  the  halide  atom  results 
in  the  crossing  of  the  potential  energy  curve  for  the  neutral 
atoms  and  the  coulomb  curve  for  the  ions  at  large  inter- 
nuclear  separation  causing  a  violation  in  the  non-crossing 
rule.  The  thermal  dissociation  of  an  alkali  halide  molecule 
leads  to  a  nonequilibrium  population  of  the  primary  dissocia¬ 
tion  products  (Cs*  and  F’  in  our  case). 

Thus,  under  the  conditions  of  our  experiment,  the 
CsF  dissociates  in  the  uhock  tube  almost  entirely  into  Cs+ 
and  F~  by  the  following  reaction 

CsF  +  Ar  —  Cs+  +  F"  +  Ar.  0) 

After  the  CsF  dissociates,  we  follow  the  decay  of  the  F".  We 
also  monitor  the  Cs*  density  and  since  we  know  the  argon  den¬ 
sity  from  the  initial  gas  pressure  and  the  shock  speed,  we  are 


able  to  solve  the  equation  for  the  logarithmic  time  derivative 
of  the  F"  density 

pk]  "^P  =  “k(Ar )  [  Ar]  -k(Cs+)  [  Cs+]  (2) 

for  both  rate  constants  k(Ar)  and  k(Cs*),  where  we  assume 
that  the  major  processes  leading  to  the  collisional  detachment 
of  F"  are5 


F“  +  Ar  —  F  +  Ar  +  e  (3a) 

and 

F'  +  Cs+  -*  F  +  Cs+  +  e  .  (3b) 

CsF  is  introduced,  with  the  argon,  into  our  shock 
tube  as  a  dust  of  very  small  granules.  The  CsF  densitie  ' 
are  typically  1%  or  less  of  the  argon  density.  The  mixture 
is  heated  by  the  shock  wave  causing  the  dust  to  evaporate  and 
subsequently  dissociate.  The  time  duration  of  both  evapora¬ 
tion  and  dissociation  of  the  CsF  has  been  seen  to  be  short  when 
compared  with  that  of  the  F_  collisional  detachment  under  our 
experimental  conditions. 

Observations  of  the  F~,  Cs+  and  electrons  have  been 

made  in  both  absorption  and  emission  experiments.  The 

various  diagnostics  used  are  summarized  in  Table  I.  It 

should  be  noted  that  several  diagnostics  have  been  used 

simultaneously  in  taking  these  measurements.  In  our  most 

recent  measurements,  we  have  measured  the  F~  absorption 

°  o 

signal  at  wavelengths  between  3100  A  and  2100  A  since  in 
this  region  the  photoabsorption  cross  section  for  F"  is 
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SUMMARY  OF  VARIOUS  MEASUREMENTS 


at  =  absorption  cross  section  per  F~  ion  multiplied  by  the  length  of  the  absorption  path. 


°  6  7 

several  times  larger  than  at  3445  A.  ’  The  light  source  is 
a  xenon  flash  lamp  which  is  pulsed  so  that  its  maximum  inten¬ 
sity  is  reached  as  the  shock  front  passes  the  detector.  The 
detector  used  is  a  double  monochrometer  with  a  solar  blind 
phototube.  Measurements  were  simultaneously  made  of  the  free-bound 
Cs*  +  e  emission  in  order  to  give  us  a  measire  of  the  Cs* 
concentration. 

The  results  of  these  measurements  are  plotted  in 
Fig.  1.  We  have  rewritten  Eq.  (2)  in  terms  of  a  total  measured 
rate  constant  as 


pry  pp  ■  k(T>  i Ari 


where 


k(T)  =  k(Ar)  +  k(Csx) 


[Ar] 


and  assuming  the  sane  T  dependence  for  both  reactions 


-  +  e-40'00°/T 

-40,  000/T 


(4) 


(5) 


(6) 


k(Ar)  =  a  (7a) 

k(Cs+)  =  (3  e-40»  000/T  <  (7b) 

Thus,  the  intercept  of  Fig.  2  gives  a  and  the  slope  (3.  If 
we  substitute  these  values  into  Eqs,  (7a)  and  (7b),  we  find 

k(Ar)  =  1.2  X  10' 11  e'40’00°/T  cm3/sec  (8a) 

and 


-  ,vin-9  -40,000/T  3/ 

k(Cs  )  =o.  6X10  e  '  cm  / 


sec 


(8b) 


We  have  plotted  our  measured  rate  constant  k(Ar) 
as  a  function  of  l/T  in  Fig.  2.  It  is  seen  that  the  best  fit 


(03S/  gWO)  i/ooo'OV-9^ 


a  *  1.2  x  IO"M  CM3/SEC 
$  *  5.6  x  IO“®  CM3/SEC 


Fig.  1  This  is  a  plot  of  our  measured  rate  constant  (k(T)  of  Eq.  6], 
with  the  temperature  dependence  divided  out  as  a  function 
of  the  fractional  concentration  of  .Cs*  to  Ar.  The  y  intercept 
gives  the  value  of  k(T)/e"’®»  00^/^  at  zero  [  Cs+]  [  i.  e.  ,  a 
of  Eq.  (7a)]  whereas  the  slope  determines  (3  of  Eq.  (7b).  The 
open  circles  are  incident  shock  measurements  and  the  closed 
circles  are  reflected  shock  measurements. 


k  (A  r>  (CM3/SEC) 


4 


T  ®K 


pendence  of  a  detachment  rate  having  an  activation  energy 
equal  to  the  electron  affinity  of  F".  The  open  circles  are 
incident  shock  measurements  and  the  closed  circles  are 
reflected  shock  measurements. 
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to  these  points  gives  a  slope  which  is  consistent  with  an 
activation  energy  equal  to  the  electron  affinity  of  fluorine. 

We  thus  find  ourselves  in  agreement  with  some  of 
the  results  of  the  higher  energy  measurements,  i.  e.  ,  that  the  colli- 
sional  detachment  cross  sections  remain  larger  than  would  be  theo¬ 
retically  expected  down  to  very  low  velocities.^  We  can  also  com- 

3 

pare  our  results  to  those  of  Berry,  et  al. ,  who  find  for  the  reaction 

k'(Ar) 

Br"  +  Ar  -*  Br  +  Ar  +  e 
that  (in  our  notation) 

k'(Ar)  =  5.  8  X  10" 11  e"39,  000/T  Cm3/sec 
in  good  agreement  with  our  Eq.  (8a). 


(9) 

(10) 
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